Abstract This paper presents a Wiener-Hopf solution of the plane wave diffraction by a semi-infinite parallel-plate waveguide with sinusoidal wall corrugation. Numerical examples on the scattered far field are presented, and the scattering characteristics of the waveguide are discussed in detail.
INTRODUCTION
The analysis of the wave scattering by gratings and waveguides with periodic structures is important in electromagnetic theory and optics. Various analytical and numerical methods have been developed so far and the diffraction phenomena have been investigated for many kinds of periodic structures. However, there are only a few treatments of the diffraction by periodic structures using rigorous function-theoretic methods.
In this paper, we shall analyze the plane wave diffraction by a semi-infinite parallel-plate waveguide with sinusoidal wall corrugation for both E and H polarizations using a hybrid approach based on the Wiener-Hopf technique together with the perturbation method. This problem was solved in the past for the H-polarized plane wave incidence by Chakrabarti and Dowerah [1] following a similar method, but their analysis is incorrect and incomplete since important contributions to the scattered field are not taken into account. In addition, no numerical results are presented in their paper. We shall derive, in this paper, various new expressions of the scattered field inside and outside the waveguide via a more rigorous approach. Representative numerical examples on the scattered far field intensity are presented for various physical parameters, and the effect of sinusoidal corrugation of the waveguide walls is investigated in detail. Main results of this paper are published in [2] - [4] .
The time factor is assumed to be i t e and suppressed throughout this paper.
THE CASE OF E POLARIZATION
We consider the E-polarized plane wave diffraction by a semi-infinite parallel-plate waveguide with sinusoidal wall corrugation as shown in Fig. 1 
We also expand the unknown scattered field ( , ) x z using a perturbation series in h as
where ( , ) n x z for 0 n and 1 denote the zero-and first-order scattered fields, respectively. For analytical convenience, we shall assume that the medium is slightly lossy as in 
and the first-order Wiener-Hopf equations A and 1,2 B are known constants, and
are the split functions of the Wiener-Hopf kernels ( ) K and ( ), L respectively [5] . Infinite integrals defined by (15) and (16) are evaluated in closed form [4] but will not be discussed here.
Taking the inverse Fourier transform of the solutions of the zero-and first-order Wiener-Hopf equations, the scattered field inside and outside the waveguide is evaluated. The field inside the waveguide yields a modal series expression via the use of the residue theorem, whereas for the region outside the waveguide, a uniform asymptotic expansion of the scattered far field is derived by applying the saddle point method together with the pole-singularity extraction procedure [4] .
THE CASE OF H POLARIZATION
We now consider the diffraction by the same waveguide geometry for the case of the H-polarized plane wave incidence. The approximate boundary condition on the waveguide surface is given by
for 0. z Taking the Fourier transform of the Helmholtz equation and applying boundary conditions in the transform domain, we obtain the zero-order Wiener-Hopf equations
and the first-order Wiener-Hopf equations 
NUMERICAL RESULTS AND DISCUSS-SION
In this section, we shall present numerical examples of the scattered far field for various physical parameters and investigate the scattering characteristics of the waveguide in detail. For convenience, we introduce the cylindrical coordinate sin , cos x z for , and define the scattered far field intensity as
By careful numerical experimentation, we have found that, when the corrugation depth 2h and the corrugation period 2 /m satisfy 1.0 kh and / mh kh 0.3, the approximate boundary conditions given by (2) and (17) can be used to simulate a perfectly conducting sinusoidal surface with sufficient accuracy. The results for a flat, semiinfinite parallel-plate waveguide have also been added for comparison.
In all the figures, the scattered far field shows maximum peaks at 120 as this direction corresponds to the incident shadow boundary. Comparing the results for the corrugated waveguide with those for the flat waveguide, we observe that the effect of sinusoidal corrugation of the waveguide walls is noticeable for the range 90 180 , and the scattered far field intensity has sharp peaks at two particular observation angles around the specularly reflected direction at 120 . Consideration on the structure of an infinite sinusoidal surface may offer a physical understanding of the scattering mechanism at these particular observation angles. Taking into account the definition of 1,2 , it is seen that 1 and 2 are, respectively, propagation directions of the ( 1) and ( 1) order diffracted waves involved in the Floquet space harmonic modes arising in the periodic structures of infinite extent. These angles are 107.5 , 134.4 for the parameters chosen in Fig. 2 , at which somewhat large reflection is expected. In fact, we see that observation angles associated with the two peaks On the other hand, the peaks along the specular reflection direction ( 120 ) are also expected from the grating theory since they exactly correspond to the propagation direction of the zero-order Floquet mode. Therefore it is confirmed that the three peaks at 
CONCLUSIONS
In this paper, we have analyzed the plane wave diffraction by a semi-infinite parallel-plate waveguide with sinusoidal wall corrugation for both E and H polarizations using the Wiener-Hopf technique combined with the perturbation method. Explicit expressions of the scattered field inside and outside the waveguide have been obtained. We have carried out numerical computation of the scattered far field for various physical parameters, and investigated the effect of sinusoidal corrugation of the waveguide walls in detail. The results obtained in this paper are valid for the corrugation amplitude small compared with the wavelength. 
